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ON A SPECIAL CASE OF EQUILIBRIUM OF A FLEXIBLE, 
INEXTENSIBLE STRING. 


By CHARLES C. STECK, Durham, New Hampshire. 


It is proposed in this paper to discuss the curve of equilibrium of a | 
weightless, flexible, inextensible string, the end points of which are attached | 
to two fixed points, each e’ement of the string being acted upon by a force 
~ always normal to an axis which it meets, this force being any function of the | 

distance r of the e'emen' from the given axis. A special discussion is made | 
of the case where the force varies inversely as r°. | 

The general problem as here stated is suggested by Appell in his 
Traité de Mécanique Rationelle, Vol. I, Chap. VII. In connection with this | 
problem he gives the three following equations which are directly obtainable | 
from the results he has arrived at in his discussion of equilibrium of strings: 


(1) . 


ds 


=¢ (2) =k; (3) T=-SF(r)dr—h=$¢(r), 


in which T is the tension at any point, F'(r) the force, the z-axis the axis 
to which the force is normal, r and @ the polar co-ordinates in the xy plane, | 
and c, k, h arbitrary constants. 

Starting with these three equations and with the equation 


(4) *=dr?+r?d 0?+dz’, 
we have, on eliminating 7, 


(5) k =+y {r*[¢(r)]* —c*r*—k*}, 
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6) tV {r* [¢(r)]*—c’r? —k?}, 


On integrating these equations we obtain 


dr 
(8) {r* [$(r)]* —c®r?—k*}’ 
3 rdr 
ro(r)dr 


Equations (8) and (9) define the curve of equilibrium of the string. Equa- 
-tion (8) is the equation of a cylindrical surface the elements of which are 
perpendicular to the plane xy. Equation (9) is the equation of a surface of 
revolution, the axis of revolution being the z-axis. Equations (8), (9), and 
(10) contain six arbitrary constants which are to be determined from initial 
conditions. 


SPECIAL CASES. 
Case I. c=0, kx~0. 


From (1) when c=0, either T=0 or @ 9, Since T cannot be zero 


when F(r) is not zero, ae must be zero; that is, the curve of equilibrium is 


in a plane perpendicular to the z-axis. Equations (8), (9), and (10) take 
‘the following forms: 


dr 
(12) z—z,=0, 

ro(r)dr 


| 
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Equations (11) and (12) define the curve of equilibrium of a string under 
the action of a central force. 
Case IT. k=0, c+¥0, 


From (2), when k=0, either T=0 or r° a =0. As in Case I, T can- 


not be zero, and it follows that no must be zero; that is, a-=0 or 9=6,, 


The curve of equilibrium lies in a plane perpendicular to the xy plane and 
passing through the z-axis. Equations (8), (9), and (10) take the forms 


(14) 6—#,=0, 
dr 
$(r)dr 


Case III. k=0, c=0, r~0. 
For this case equations (8), (9), and (10) take the forms, 


(17) : =0, 
(18) 2—2,=—0, 
(19) 


The curve of equilibrium is a straight line perpendicular to the z-axis. 
Since this is true whatever be the force, so long as it is a function of r and 
r is nowhere zero, it will be unnecessary to consider this case in the discus- 
sion which follows and which deals with a special force. 


DISCUSSION OF THE CASE WHERE F'(r) =—, +>0. 


Since we shall deal only with finite forces, it amie that r can no- 
where be zero; that is, the string cannot touch the z-axis at any point. 
Further, since “>0, we shall have a repulsive force. This constant - is the 
value of the force at a unit’s distance from the z-axis. Substituting the 
above value of Fr) in equation (3) and integrating, we have 


(20) 


Substituting this value of ¢(7) in equations (8), (9), and (10), we get, 


. 
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dr 
rdr 
(22) vir —c?) —2h 
(u—hr)dr 
(23) s— f V {r* (h'—e*) 


These three indicated integrations can be immediately performed. 


lowing cases must be distinguished. 


1. V. h*<c?, 
(a) c? #0, +0. (a) #0. 
(b) c?=0, k* #0. (b) h?=0. 
(c) ~0, k?=0. A? <e?, 2*<k*. 
II. h?>c’, »*=k’*. (a) h? 0. 
(a) c? #0. h*=0. 
(b) c?=0. VII. h?=c*, 
Pat, (a) h? #0, k* 
(a) c? (b) h?=-0, k? 
(b) c*=0. (c) h? k?=0. 
IV. hi<c®, >k?. VIII. h?=c?, 
(a) (a) h? +0. 
(b) h?=0, k* (b) h?=0. 
(c) h? +0, k?=0. IX. h*=c’, 
(d) h*=0, k*=0. (a) h? #0. 
(b) h?=0. 


The following notations are used: 


Rer* (h?—c?) 
m'=h*—c* if h?>c?, 

if h?<c’, 

n? =v? —k?* if >k?®, 

—(h*—c*) (u* —k*). 
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We give here an outline of the method used in determining the con- 
stants for Case I (a). The results for this case and for all of the others are 
put in tabular form at the end, followed by a series of notes by which nec- 
essary explanations are made. 


DETERMINATION OF THE CONSTANTS FOR CASE I (a). 


Initial conditions. Let the initial value of r be that value which makes 
R=0. Cali this value r,. When r=r,, let z—0, s=0, T=T;. 
Interpretation of initial conditions. Returning to — (1) and 


=0 and =0. Now 


is the cotangent of the angle between the radius vector and the tan- 


(2), we see that when R=0, since k~0 and c+0, 


ldr. 
r dé 
gent to the guiding curve of the cylinder at any point. We shall call this 


angle ¢. an gives the slope of the tangent to the meridian section of the 


surface of revolution at the same point. Call this angle ¢. With the initial 
conditions just imposed ¢,=4 = and ¢, =0. 


From (1) it is evident that ¢ is the value of the tension when @ 1; a. 


e., the component of the tension parallel to the z-axis; call it T). ¢ may al- 
ways be taken positively if we measure s in such a direction that z and s in- 
crease simultaneously since T is essentially positive. The constant h may be 
found from equation (20). We have, on imposing initial conditions 


h 
4 


The constant k is found from the equation R=0. Solving this equation for 
k*® we get 


The values of 7), z,, and s, are 
2,8, 
The corresponding values of m°, n*, and 4 are 


m?=h*—e? —2e7,T, +r} Té)), 
1 
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NOTES ON PRECEDING TABLE. 


h>0. 

m<0; n>0. 
h<0. 
m>0;n<0. 
Since the value of r; used in Case I h&s become zero in this case, 
and since this contradicts the hypothesis that F(r) is finite, it follows that 
¢, #47, ¥,~0. The initial value of r cannot be a root of the equation R=0. 
When r=r,, let ~47, ¢=¢, 0. With other initial conditions as be- 
fore, we obtain for k the value ; 


tan ¢, 
cot ¢,° 


k=r 1 


F. In determining the equation of the cylinder for this case we have 
nsed the positive sign of equation (8) only. The negative sign gives a sim- 
ilar curve. 

G. For h=0 the expression )/R becomes imaginary for all values of r. 

H. To determine the curve of equilibrium for this case we have from 
equation (5), since R=0, 


k dr__ 


Since k~0 and r~0, we obtain on integration, r=constant=r;. 

Graphs of the guiding curves of the cylinder and a meridian section 
of the surface of revolution have been made for each case. Since there are 
so many cases to consider a reproduction of these graphs is not convenient 
here. In regard to the curve of equilibrium, the prevailing type is a spiral 
with the z-axis as the line about which it winds. 
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DEPARTMENTS. 


SOLUTIONS OF PROBLEMS. 


ALGEBRA. 


¥ 
357. Proposed by V. M. SPUNAR, M. and E. E., Chicago, Ill. 


Solve the system 
V (2? +a®+b?+c*) (2°+b* +c’), 
V +a°?+b? +c?) =p (2? +a?+b?)+/ (y?+a?+b*). 


Solution by B. F. FINKEL, Ph. D., Drury College. 
Transposing the first term of the second member of the first equa- 

tion, squaring, collecting, and transposing, we have 

+y* =2// (x* +8?) 
where s*=a? +b?+c’*. Similarly, we obtain from the second equation, 

+y?—z* +8? (y*® (4? +s8?—b?)... (2), 
and from the third, 

(xv? +8°—c’)... (8). 


By transposing the second term of the first equation, squaring, col- 
lecting, and retransposing, we get 


=2/ (x?+8") (z*+8*—a’),.. (4). 
From (1) and (2) we have, 
V (a* +8°) (y?+8*—a*) =v (y? +8" (a? +8*—b*); 
whence, by squaring and dividing by (2*+s*) (y*+s*), we get 


y?+s'—a?_ x*+8*—b* 


| 
| 


a* b° 2 2 a* 2 2 
Hence, = Pie +s (a?+8*). 


From (8) and (4), we obtain, in like manner, 
a® 
+8"). 


Substituting these values of z*+s* and y*+s° in the first equation, we 
have 


V (x? +8 )-a? +) +s?)—a’; 


whence, (a* +s?) =aby/ (x? +8*—b°) +aby// (a? +8* —c?). 
Squaring, 


(x? +8*)==a7c* (x* +8* —b*) +2a*bey/ (x* +8* —b?) +8? —c?) + 
a*b? (a? +s? 


transposing, and combining, 
(b*c* —a*c* —a*b*) (x* +8*) +2a*b*c? =2a*b*c* +8*—b*) 1/ +8*—c*). 
: Squaring both members of this equation, and rearranging terms, we 
ave 
[(b°c? —a?c* —a*b?) —4a*b*c*] (a? +4a°b*c* (x? +8?) =0. 


or x? +s?= 


4a*b*c* 
(b®c? 


4a*b*c* 
+ 2a*be) (—b*c*? +a°c* +a°b? + 2a*be) 


4a*b*tc* 
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4a*b*c* 
(be--ab—ac) (be—ab+ac) (ab +ac+be) (ab+ac—be) 
4a*b*c* h f the above fracti 
A is the denominator of the above fraction. 


4h? p4— of 4 4h3né — 4 


A 


x? +s*=0 is not admissible. 


PROBLEMS FOR SOLUTION. 


ALGEBRA. 


363. Proposed by E. B. ESCOTT, Ann Arbor, Mich. 
(a) If aand n be positive integers, the integral part of [a+ (a’—1)]* 


(b) If aand 7 be positive integers, the integral part of [)/ (a2+1)+a]* 
is odd when n is even and even when » is odd. (From Todhunter’s Algebra, 
p. 353] 

364. Proposed by J. SCHEFFER, A. M., Hagerstown, Md. 

The English physicist, Hooke, published the discovery contained in the Latin sen- 
tence, ‘‘Ut tensio sic vis’’ by the cypher cciiinosssttuv. Preserving the lexicographical- 
order, find which permutation, taking all letters, the Latin sentence is from the cypher.” 

365. Proposed by C. N. SCHMALL, New York City. ; 

In still water, a steam tug goes 6 miles an hour less when towing a barge than when 

alone. Having drawn the barge 30 miles up a stream, whose current runs 1 mile an hour, 


it returns alone and completes the journey in 12 8/11 hours. Find the rate of the tug in still 
water. 


GEOMETRY. 


396. Proposed by DANIEL KRETH, Oxford, Iowa. 


In the triangle ABC, AB=214, BC=268, and AC==405. A point P is situated in the 
same horizontal plane; angle BPA=13° 80’ and angle BPC=29° 50'.. Find the distances, 
AP, BP, and CP. 
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397. Proposed by DAVID F. KELLEY, New York City. 

If ABC be a semicircle and CD a perpendicular from C on the diameter AB, prove 
that the radius of the circle inscribed in the triangle ABC equals half the sum of the radius 
of the circle touching arc AC and the sides AD and DC of the triangle ADC, and the ra- 
dius of the circle touching arc CB and sides DB and DC of triangle CDB, and that the cen- 
‘ters of the three circles are collinear. 

898. Proposed by C. N. SCHMALL, New York City. 
In a square ABCD draw the diagonal AC. Now bisect AD in G and 


draw GB cutting AC in H. Prove that A ACH=44CGH=34 ABG 
=}A BCH. 


CALCULUS. 


318. Proposed by JOHN C. GREGG, Greencastle, Ind. 
A thread is wound spirally n times around a cone, the radius of whose base is r, and 
slant height h, the turns being at uniform distance apart. If the thread is kept taut, what 
will be the length of the trace of its end on a horizontal plane? 


319. Proposed by C. N. SCHMALL, New York City. 


Given y=, w= prove 
x y Z 
| 
Ox ’ dy ’ dz | 
& 
Iw daw 
Ox’ dy’ dz | 


MECHANICS. 


265. Proposed by A. H. HOLMES, Brunswick, Maine. a 

A gun is mounted in a fort at height h above the sea, and a similar gun is mounted 
on aship. Show that there is a region of area 4zrh within which the ship is within range 
of the fort while the fort is out of range of the ship, r being the maximum range of either 
gun on a horizontal plane through it. 

266. Proposed by A. M. HARDING, Assistant Professor of Mathematics, University of Arkansas. 

A, B, C are three equidistant smooth pegs in the same horizontal line, and a heavy 
uniform string has its ends tied to A, C, and is looped over B. Show that there may or 
may not be a position of equilibrium in which the two catenaries, AB, BC, are unequal, and 
if there is such a position it will be stable. Show that the position of equilibrium in which 
the middle point of the string is at B is unstable or stable according as an unsymmetrical 
position of equilibrium does or does not exist. [Jeans’ Mechanics, page 187]. 


AVERAGE AND PROBABILITY. 


208. Proposed by A. M. HARDING, Assistant Professor of Mathematics, University of Arkansas. 
Find the chance that the distance of two points within a square shall not exceed a 
side of the square. 
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- NUMBER THEORY AND DIOPHANTINE ANALYSIS. 


185. Proposed by R. D. CARMICHAEL, Bloomington, Ind. 


Obtain the complete solution of the equatian ¢( p*)=¢( q° ) where 
denotes Euler’s ¢-function, p and g are unknown primes and « and £ are un- 
known integers. 


NOTES AND NEWS. 


There has recently appeared from the publishers, Gauthier-Villars, a 
fine translation, by Paul Babarin, of Dr. Halsted’s Rational Geometry. The 
book since its publication in English a few years ago, has been translated in 
German and Japanese, and now in French. In the preface of the French 
edition, C. A. Laisant says, among other things, that the book is clearly 
written, and the translation faithful and limpid, and he expresses the belief 
that the work is destined to exercise a profound effect upon the transforma- 
tion of geometric teaching. F, 


The reports of the American Committee of the International Commis- 
sion on the Teaching of Mathematics, which are now being issued by the 
United States Bureau of Education, may be had upon application to the Com- 
missioner of Education, Washington, D. C. Those who desire to receive 
these reports may thus not only get the half dozen already issued but may 
have their names entered so as to receive the remaining reports as fast as 
they are issued. 

The final report of the International Commissioners is to be presented 
at the meeting of the International Congress of Mathematicians to be held 
in Cambridge, England, in August, 1912. Ss. 


The annual resumé of doctorates conferred by American Universities, 
as printed in Science in the issue of August 18, 1911, should be of interest to 
readers of the MONTHLY. 

It contains comparative tables showing the average number of doctor- 
ates in all subjects for each of 44 universities for the ten years, 1898-1907; 
the total number for the fourteen years, 1898-1911; the actual number for 
each of the years, 1908, 1909, 1910, 1911, together with the correspending 
data for doctorates in the sciences including mathematics. 

The universities which have conferred more than 100 doctorates dur- 
ing the last fourteen years are: Columbia 555, Chicago 545, Harvard 495, 
Yale 452, Johns Hopkins 411, Pennsylvania 341, Cornell 306, Wisconsin 152, 
Clark 137, and New York 123. Those showing an average of more than 10 
during the ten years 1898-1907 are: Chicago 35.6, Harvard 33.8, Columbia 
82.2, Yale 31.8, Johns Hopkins 30,5, Pennsylvania 22.5, and Cornell 18.1. 
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Those conferring more than 20 doctorates in 1911 are: Columbia 75, Chicago 
55, Harvard 42, Cornell 34, Yale 31, Pennsylvania 29, Johns Hopkins 28. 

In the sciences the institutions conferring a total of more than 100 
doctorates in the last fourteen years are: Chicago 280, Johns Hopkins 239, 
Columbia 218, Harvard 198, Cornell 197, Yale 194, Pennsylvania 143, and 
Clark 126. Those having an average of more than 10 during the ten years, 
1898-1907, are: Johns Hopkins 16.8, Chicago, 16.4, Harvard 14.1, Columbia 
13.4, Yale 12.4, and Cornell 10.4. Those conferring 10 or more doctorates in 
the sciences in 1911 are: Chicago 35, Columbia 29, Cornell 27, Harvard 20, 
Johns Hopkins 19, Clark 16, Yale 15, Wisconsin 13, and Pennsylvania 10. 

The total number of doctorates conferred in the last fourteen years by 
the 44 universities given in the tables is 4286, the total number in the sci- 
ences being 2037, or 48 per cent of the whole number. The total number 
for 1911 was 487, of which 239 were in the sciences, and the total average 
for the ten years, 1898-1907, was 272.4 of which 124.1 belong to the sciences. 

The numbers in the various departments are also of interest. Those 
departments credited with a total of over 100 during the last fourteen years 
are chemistry 533, physics 264, zodlogy 244, psychology 222, mathematics 
206, botany 183, English 121, geology 114, and history 105. Thase depart- 
ments showing more than 10 doctorates in 1911 are: chemistry 65, physics 
87, English 33, history 26, philosophy 26, zodlogy 25, mathematics 25, psy- 
chology 23, education 23, botany 20, sociology 18, economics 16, geology 15, 
romance languages 12, Latin 11, and agriculture 11. 

The following quotation from the report is significant of the trend 
with respect to the sciences: 

“The number of doctorates in the natural and exact sciences is 
increasing more rapidly than in other subjects. Prior to 1908 the average 
number of degrees conferred in the sciences was 124, as compared with 198 
in the other group, in the three following years the average numbers were 
"186 and 189, respectively; and this year the numbers were 239 and 198. As 
shown in the table, Chicago is the university which has conferred the larg- 
est number of degrees in the natural and exact sciences, followed by Johns 
Hopkins and Columbia. Of the degrees conferred by Cornell, 64 per cent 
have been in the sciences, at the Johns Hopkins 58 per cent, at Harvard 40 
per cent, at Columbia 37 per cent. It is somewhat curious that the percent- 
age at Wisconsin, Michigan, Illinois, and Minnesota should be as small as 42, 
89, 54, and 37, respectively, as it is the general impression that the sciences 
are especially emphasized at the State universities.’’ 

The 25 doctorates in mathematics in 1911 were distributed as follows: 
Chicago 5, Yale 5, Clark 2, Johns Hopkins 2, Princeton 2, Pennsylvania 2, 
Columbia 1, Illinois 1, Michigan 1, Syracuse 1, Harvard 1, Cornell 1, and 
Cincinnati 1. Ss. 


This issue of the MONTHLY was mailed January 13. 


BOOKS AND PERIODICALS. 


An Introduction to Thermodynamics. By John Mills, Professor of 
Physics and Electrical Engineering, Colorado College, Colorado Springs. 
8vo. Cloth, viiit+186 pages. Price, $2.00. Boston: Ginn & Co. 

“This book is a clearly and carefully written presentation of the portions of elemen- 
tary thermodynamics which are essential to the present-day engineer. It is suitable for 
use in third-year engineering courses or in regular college courses in thermodynamics. 
The text constitutes at the same time a complete course for general scientific or engineer- 
ing students and an adequate preparation for further work in pure thermodynamics or in 
the special study of the design and operation of steam engines, turbines, heat engines, or 
compressed-air machines. 

Although it makes use of elementary calculus it does not necessarily require 
a knowledge of calculus further than the fundamental concepts of a derivative and of an 
integration. 1t is intended to follow a good college course in general physics, but it in- 
cludes a brief resume of such portions of this subject as are essential to the development 
of the subject of thermodynamics. 

The text is illustrated by a careful selection of diagrams and plots. Illustrative 
problems cover the entire range of the material presented in the text and are accompan- 
ied by numerical solutions. These examples and the additional problems for solution are 
peculiarly strong and attractive features of the book.” 


Current Literature. A Review of the Times. Edited by Edward J. 


Wheeler. Price, $3.00 per year in advance. 
Some of the important articles of the December number are, Bombarding our Judic- 
iary; Socialist Victories at the Polls; and Big Business in a Big Quandary. F. 


The American Review of Reviews. An Internationa’ Monthly Maga- 

zine. Edited by Aibert Shaw. Price, $3.00 per year in advance. 
In addition to a resume of the affairs of the world, the December number contains 
articles on China in Revolution, Woman Suffrage Throughout the Wor!d, and Pacific Har- 
bors and Panama Traffic. F. 


McClure’s Magazine. Edited by S. S. McClure. Price, $1.50 per 


year. 
Among the important articles in the December number are, The Conflagration Haz- 
ard in New York, and A New Conscience and an Ancient Evil. F. 
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SOLUTIONS OF PROBLEMS—ALGEBRA. 
Corporation needing additional capital for short term of years issued $300,000 of de- 


Determinant, certain, of nth order, to show has certain value. 349-.........----. 61-63 
Divide 2940 into two factors, so that square of one minus 21 will equal three times 

Jacobi’s symbols, to prove certain relations between. 348._......-....----------- 59-60 
Exponential equation, certain, to solve. 135 
System of equations in x and y, to find values of x and y. 344._-_- 15 
System of equations in x, y, z, w, tosolve. 345............---.--------..-------- 15-16 
Solve by quadratics, a system of equations in , y, z, w. 346_-.-..--.------------ 87-38 
System of equations in y, z, u, v, to solve. 88-91 
System of equations, certain in m unknowns, to solve. 365_......---------------- 185-136 
Solve by quadratics, certain systems of equations, in x, y, z, w. 356__---..------ 163-164 
Solve system of radical equations in x, y, 2. 357.........-...-.-.---.-----..--.-. 228-230 

CALCULUS. 
Currents, two C; and C2, produce galvanometer deflections, etc. 296.....-.----- 18-19 
Cow pasturing outside circular field. To find length of rope, etc. 299..-.-------- 40-41 


Equation, differential, certain, of first order, to find complete primitives. 300.... 65-66 
Equation, differential, of second order, certain, to find algebraic integral of. 302 


Equation, differedtial, of second order, to reduce to Clairaut’s form. 304-.--...-. 141 
Equation, differential, of first order and third degree, to solve. 3810...-....------ 211-118 


Integral, certain definite, to express certain in terms of gamma functions. 303... 139-141 
Integral, certain definite, to inquire as to evaluation holding for certain limit. 305 142 


| 


Integral, certain definite, to reduce to elliptic integrals. 306__.......-.-...-.-.-. 184-186 
Integral, to evaluate a certain definite. 309..............--.------.----.--------- 211-212 
Hole, square, is cut through an ellipsoid. Find volume and surface. 297__._-.---. 19-20 
Polygons, two regular, having equal perimeters, to prove one having greater num- 

Maxima and minima, to show that in practical problems it is the greatest and least 

values that are desired, etc. 308 [No solution]_..........-...-------.------ 211 
Triangles, isoperimetric, to prove equilateral is maximum. 307_-__-.--------.----- 210-211 


Volume, show, of surface defined by certain equation is 100 « abe/8.5.7.11.18. 301. 66-67 


GEOMETRY. 


Circle, draw, passing through given point and orthogonal to two given circles. 373 18 
Circles, two, cut at given angle, touch each a given circle, and pass each through 


Circle, from point on, three chords are drawn. Show that the circles described on 

these chords as diameters intersect in three collinear points. 875_........--. 91-92 
Pentagon, plane or gauche, sides AB, BC, CD, DE, EA. From A draw AF, etc. 

Polygon, find number of diagonals of complete. 138-139 
Pentagon, plane or gauche, with sides AB, BC, etc., of lengths w, x, y, z. Con- 

Quadrilateral, sides in order, a, b, c, d, and angle B+-angle D=9; express diagonal 

Rhombus, between sides of given, and adjacent sides produced to insert a straight 

Triangle, right angle A, given AB—9, BC=280, etc. 16-17 


Triangle, AED, lines BE and CE are drawn to the points B and C in base, etc. 378 114, 165 
Triangle, find radius of circle touching two of its sides, and a line parallel to the 


Triangle, to construct, having given base, vertical angle, and ratio of its altitude 
MECHANICS. 


Balls, two, equal, uniform, inelastic, spherical, radius x, mass m. A third, uni- 
form, smooth, elastic ball, radius of mass m, is placed with its center, etc. 


Battery, find current given, by 4n(n-+1) cells, 142-143 
Particles, projected with given velocity from A on horizontal plane, etc. ......---- 

Ocean of mercury, to find depth of, such that density of bottom is double density 

Particle attached to triangular lamina ABC atC. Show that if lamina be suspend- 


NUMBER THEORY AND DIOPHANTINE ANALYSIS. 


Equation em+yn + zn + xyz=100r%+10y+z. Solve inintegers. 69-70 
Equation, 96c—96y-+-2l—a square. Find integral values of x andy. 69-70 
Equation x(x+a)=y2. Find general solution. 174___--.-......-.---------- 20-21, 68-69 
Equation 22 = 616318177y—1, find two general solutions in integers. 182 [No solu- 


| 
Factorials, show that certain, are integers. 175.......--..--.---..---.--.-------. 41-42 


238 


Formula, find, which gives all integral solutions prime to 5, of the congruence x2 ; 


" Harmonic ratio of A, B, C, ete. 188. 3 A geet 118-119, 187-188 
Prime, if 2n+1 is odd prime, (2n)!= etc. 118 
Prove z/12=certain arc-tan series. 188-189 


AVERAGE AND PROBABILITY. 
Circles, three chords drawn at random on, what is chance of center being enclosed 


Circle, on random chord of, two points are taken at random; what is chance of sec- 

ond chord taken at random passing between them? 144 
Hole, find length of random, through a cone. 203 [No solution]-......_.- uttseuse 143 
MISCELLANEOUS. 
Series, sum certain infinite sine series and cosine series. 177. .-.......---..-.---. 144 


Series, sum certain sine series. 178..............-.------------. DE 145 
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ALGEBRA (see Solutions of Problems). 
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